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Abstract

Given the extensive impact of humans on ecosystems and the uncertainty faced by decision-makers when choos-
ing among alternatives, formal support is required for decision-making in complex agroecological systems. While
approaches for producing reliable impact projections accounting for system complexity and uncertainty do exist,
decision-makers rarely use them to assess the costs, benefits, and risks of agroecology development. Here, we review
the literature and provide an overview of decision theory as a methodology for supporting decision-making in
agroecology. We also outline the conceptual relationships between decision analysis methods and agroecology, and
examine how decision analysis methods can be applied to support decision-making for agroecological transitions.
These methods support decisions based on intended outcomes, explicitly accounting for risks and uncertainty, and
help decision-makers determine the appropriateness of agroecological interventions for achieving desired outcomes.
International frameworks and national government commitments and funding mechanisms, as well as the private
sector, would benefit from making use of decision analysis methods to determine the suitability of agroecology inter-
ventions and to support and scale them when appropriate.
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Introduction

Agricultural sustainability is threatened by a host of
global challenges, including climate change, biodiversity
loss and diminishing soil productivity (FAO 2021; Port-
ner et al. 2022). At the same time, agriculture is recog-
nized as one of the major threats to biodiversity as well
as a major driver of climate change (Raven and Wagner
2021; Ortiz et al. 2021). Successful transitions towards
sustainable agriculture and food systems would likely
benefit from holistic and people-centered approaches
such as agroecology (FAO 2018; Barrios et al. 2020).
Agroecology, a concept that is gaining attention in sci-
entific, agricultural, and political circles, is at the center
of numerous initiatives aiming for environmental sus-
tainability, climate resilience, improved livelihoods, and
food and nutrition security (Tomich et al. 2011; FAO
2018; Barrios et al. 2020). Despite expressing interest in
supporting agroecology interventions, decision-makers
have little scientific support for evaluating the potential
impacts of such interventions. Agroecological interven-
tions have been touted as potential solutions to many
pressing problems (IAASTD 2009; FAO 2014; Wezel
et al. 2020), placing agroecology at the center of many
initiatives aiming to make farms more sustainable. Agro-
ecology is a dynamic concept that is gaining prominence
in scientific, agricultural and political discourse (Wezel
et al. 2020). The key benefits include environmental sus-
tainability, climate resilience, improved livelihoods (Silici
2014) and food and nutrition security (Amissah et al.

2020). It is also thought of as a tool for addressing issues
such as land degradation, biodiversity loss and climate
change, and for strengthening human rights (De Schutter
2010). Agroecology is seen as a shift in agriculture toward
diversified agricultural systems (IPES-Food 2016), and
as a mechanism for mitigating negative environmental
impacts of agriculture (Tomich et al. 2011). Recognizing
that the inherent complexity of achieving sustainabil-
ity may be perceived as a deterrent to decision-making,
the Food and Agriculture Organization of the United
Nations (FAO) has approved the 10 Elements of Agro-
ecology as an analytical framework to support the design
of differentiated paths for agriculture and food system
transformation (Barrios et al. 2020). Decision-makers
may be motivated to implement agroecology interven-
tions for a variety of reasons. The management goals of
agroecology-supported production are similar to sustain-
able intensification, with the addition of an explicit aim
of generating multiple desirable outcomes, including eco-
system services as well as productivity benefits (Wezel
et al. 2015). The expected benefits of agroecology differ
by location, as well as by ecological and socioeconomic
context (FAO 2014).

For all these reasons, many decision-makers have
expressed their interest in supporting agroecology
interventions but struggle with uncertainty about the
suitability of agroecological measures and their social,
environmental and economic outcomes. This is due
to the difficulty of accurately projecting intervention
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impacts given the lack of data, the complex impact
pathways of interventions, their implications for multi-
ple sustainability dimensions, and the many associated
risks and uncertainties. All of these aspects of agroe-
cology are difficult to factor into intervention planning
and therefore often left out. Although they exist, scien-
tific approaches to produce reliable impact projections
accounting for system complexity and uncertainty are
rarely applied for assessing the costs, benefits and risks
of agroecology development. The consequence is that
decision-makers have little scientific support to decide
if agroecological interventions would have a positive
impact.

Here, we define a decision as ‘a choice between two
or more alternatives that involves an irrevocable alloca-
tion of resources’ (Howard and Abbas 2015). Decision
analysis can be applied in such conditions. It is a disci-
pline that involves identifying and assessing all aspects of
a decision, evaluating outcomes using models, and tak-
ing actions based on the decision that produces the best
outcome. It is the formal study of rational decision-mak-
ing formed by the joint efforts of many disciplines, from
mathematics and economics to philosophy and the social
sciences. Decisions are formulated as impact pathway
models, which are then applied to run stochastic simu-
lations to forecast possible decision outcomes so that
the optimal decision choice can be made. Decision ana-
lytical approaches, based on decision theory, have a rich
history of applications to real-world problems in many
disciplines, including business management (Keeney
2004), ecology (Perera et al. 2011) and conservation (Dee
and Gerber 2012; Esmail and Geneletti 2018). These
approaches have begun to gain recognition for support-
ing agricultural development (Shepherd et al. 2015; Lue-
deling and Shepherd 2016; Lanzanova et al. 2019) and
related topics like nutrition and dietary diversity (Whit-
ney et al. 2017; Assima et al. 2022).

Decision analysis is particularly useful for supporting
three main contexts that are common in agroecologi-
cal systems: (1) complex system interactions, (2) choices
under uncertainty and (3) decisions among competing
options. Decision analysis can help to clarify which agri-
cultural measures make most sense under which condi-
tions given the complexity and challenges of agricultural
production systems. Under any combination of these
three conditions, decision analysis can aid in decision-
making by explicitly accounting for uncertainty and risk,
by ranking decision options according to their net ben-
efits and by integrating different tangible and intangible
variables in a complex system model. By keeping deci-
sion-making at the center of the approach, the methods
offer a way to support more objective and efficient deci-
sion-making processes.
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The use of formal decision theory approaches to sup-
port the assessment—and potential application—of agro-
ecology interventions is still rather limited. In this review
we point out how such approaches can offer a practical,
objective, promising and widely applicable methodology
to support decision-making for agroecology. Decision-
makers may, in some cases, have access to information
and knowledge that offer some support, but they are still
unlikely to have a full picture of agroecological interven-
tions with full certainty about all outcomes. Approaches
based on decision theory can provide objective decision
strategies for the management of agroecology systems,
where decision-makers must often choose between
courses of action but have uncertainty about the expected
payoffs and losses that might result from their actions.
We performed a search in the Web of Science Core
Collection using the search fields “decision”+ “uncer-
tainty” + (“intervention” or “policy”) + “Agroecology”. The
search was published on the searchRxiv (Whitney 2023).

As a field of research, agroecology can be conceptual-
ized within the context of global change and studied as a
coupled system involving a wide range of social and natu-
ral processes (Tomich et al. 2011). Agroecology is gener-
ally defined as the application of ecological principles and
concepts to the design and management of agroecosys-
tems (Tomich et al. 2011; FAO 2018; Barrios et al. 2020).
There are various interpretations of what agroecology
means in practice, with three main manifestations. Agro-
ecology is considered a science, a set of practices and a
social movement (Wezel et al. 2009, 2020). For actions
related to each of these manifestations to have real-world
impacts, a cost-benefit assessment with decision ana-
lytical methods can be useful. Decision analysis methods
incorporate uncertainty, assess competing options and
offer a comprehensive and holistic overview of system
complexity (Fig. 1). The methods can help with evaluating
the potential impacts and trade-offs of different practices
and interventions on key outcomes such as food security
and social equity. This can help policymakers and practi-
tioners make informed, evidence-based decisions.

Agroecology can also be said to encompass the overlap
between science, practice and movement (Fig. 1), occur-
ring when there is a convergence of these approaches
(Méndez et al. 2020; Anderson et al. 2020; Dale 2020).
In this way agroecology can be understood as a trans-
disciplinary approach that integrates research, action
and societal change (Gliessman 2018). Decision analy-
sis models provide a systematic and intuitive approach
to guiding the decision-making process (Ghazoul and
McAllister 2003). They make use of methods from the
natural and social sciences (Jeffrey 1990), with the aim
to create comprehensive and widely accepted support
for decisions (Ghazoul and McAllister 2003). Decision
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Fig. 1 Conceptual relationships between decision analytical methods and agroecology—overview of how decision analysis methods can be
applied for supporting decision-making for agroecology interventions. The Venn diagram illustrates agroecology as a science, practice and social
movement. The five arrows surrounding the Venn diagram represent the various decision analysis capabilities that can be used to assess and
communicate the costs and benefits of agroecological practices and interventions

analysis in agriculture has the broad focus to provide a
holistic comparative assessment of the effectiveness of
interventions (Shepherd et al. 2015). The approach can
support decisions so that the best choices are clear in
terms of their impact on the outcomes of interest. Adapt-
ing such an approach can help provide an overview of
the implications of agroecology-based interventions or
changes at the local or landscape scale. The application of
the approaches of decision analysis for supporting agroe-
cology are outlined in the following five sections (follow-
ing the five arrows in Fig. 1).

1. Addressing system complexity
Decision-makers are often in need of decision-relevant
information that can provide meaningful support for
any options aimed at impacting complex agricultural
systems. Scientists struggle to provide reliable informa-
tion about agroecology at a level that is meaningful for
policy-makers. The difficulty, for example, of translating
many smaller-scale case studies into possible implica-
tions at the landscape level makes it challenging to assess
the potential of agroecology at that scale (Dalgaard et al.
2003). Farmers and other stakeholders often have com-
prehensive systems understanding. This knowledge-base
can be applied to unpack system complexity and begin to
understand the potential impacts of agroecology.
Farmers are often the best source of information about
risks as well as management, for example with crop
selection (Mbinda et al. 2021) and pesticide application

(Bhandari 2014). They can provide intangible local
knowledge for agroecology management (Moore et al.
2016) and agroecology practices that are ecological and
profitable (Aouadi et al. 2021). They can also help to clar-
ify the frequently complex trade-offs of a decision where
conflicting criteria affect the decision outcome (Oliver
et al. 2012; Moore et al. 2016).

Decision modeling tools make use of a multi-actor
engagement for understanding system complexity
(Whitney et al. 2018). More of such participatory, eco-
logically-based decision-making by farmers is needed in
agricultural development (IAASTD 2009) and in agro-
ecology (Biber-Freudenberger et al. 2018). Such holistic
approaches can provide support for decision-making
by making use of these existing agricultural knowledge
bases. Farmers innovate and experiment, their accu-
mulated knowledge and expertise can provide valuable
information about the practical implications and poten-
tial efficacy of agroecology interventions at the farm
(Sachet et al. 2021) and landscape level.

Participatory methods form an important part of deci-
sion analysis as it is applied in agricultural development
research (Whitney et al. 2018). Participatory model
development is undertaken with the central understand-
ing that the stakeholders—those who will be directly
impacted by any decisions in the agricultural systems—
are the primary experts for impact pathway develop-
ment (Shepherd et al. 2021). Farmers are considered
the key stakeholders and the primary experts regarding
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agricultural interventions (Oliver et al. 2012; Whitney
etal. 2018).

Decision analysis features the construction of causal
models—models that describe the mechanisms through
which impact will be delivered—that are co-developed
by experts, stakeholders and analysts through facilitated
participatory processes (Whitney et al. 2018). Decision
analysis models make use of available information in a
rigorous statistical framework, involving stakeholders
in the modeling process (Ghazoul and McAllister 2003).
The models are formalized following well-established
and robust modelling approaches (Luedeling et al. 2021).
The approaches allow for formal representation of causal
models in the form of intervention impact pathways. The
resulting models illustrate comparative assessments of
the costs, benefits and risks of agroecology interventions
and the impact on outcomes of importance such as farm-
ers’ livelihoods.

The involvement of different actors in the co-devel-
opment of decision models helps in addressing system
complexity thanks to the integration of different points of
view and different (academic and non-academic) knowl-
edge (Whitney et al. 2018). Transdisciplinary approaches
in decision model development ensure that farmers and
other stakeholders can be included at all stages of model
development, together with additional decision-makers
(those with the power to decide or the money to invest
etc.) (Luu et al. 2022). This enhances the chance that any
decision-supporting advice resulting from the modeling
procedures will be seen as trustworthy in providing clar-
ity and insight for navigating potential trade-offs in scal-
ing and supporting agroecology.

2. Assessing competing options
Decisions in agroecology happen at the farm level and
the landscape level, as well as at the national and inter-
national policy levels (Agarwal et al. 2018; Wezel et al.
2020). A shift to agroecological approaches can include
trade-offs between various ecosystem services (Gonzalez-
Esquivel et al. 2015) related to intensification vs. extensi-
fication (Nemecek et al. 2011; Tilman et al. 2011) and in
terms of agricultural productivity related to land-spar-
ing vs. land-sharing (Fischer et al. 2008; Schwarz et al.
2022). Competing decision options may range from the
farm to wider policy and regulatory contexts (IAASTD
2009). Each of these levels of decision-making in agro-
ecology would benefit from reliable decision support.
When faced with the complexity of agricultural systems
and agroecology interventions, decision-makers such as
farmers, policy-makers and businesses must weigh the
costs against the potential benefits.

Decision modeling is based on cost—benefit analysis
for assessing competing options. This includes both
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multicriteria evaluation and multiscale assessments.
Modeling approaches can allow for the simultaneous
consideration of multiple possible impact pathways.
They also allow for the integration of different types
of information from many sources, reflecting scientific
judgement as well as existing empirical data (Ghazoul
and McAllister 2003) and expert knowledge (Do et al.
2020). Decision analysis models take into account the
key uncertainties involved in decisions (Shepherd
et al. 2021) and explicitly convey uncertainties in the
potential decision outcomes (Ghazoul and McAllister
2003; Shepherd et al. 2021). The approaches can build
on existing knowledge and be well suited to adaptive
management and decision-making under uncertainty
(Ghazoul and McAllister 2003). In this way research-
ers and analysts work effectively with incomplete infor-
mation, combine expert knowledge with other sources
of information and can adequately consider risks and
uncertainties. Such modeling approaches can be a use-
ful way to work in application-oriented fields such as
agroecology, where system dynamics are complex.

Agroecology interventions are often applied to main-
tain or improve sustainability, yet they also have asso-
ciated costs, risks and uncertainties. Analysis of these
should be conducted for any implementation of agroe-
cological solutions (Amissah and Aflakpui 2020). These
costs, benefits and risks depend very much on local sys-
tems and contexts, which must be thoroughly consid-
ered in order to support decision-making (see Seufert
and Ramankutty 2017, who studied similar challenges
in organic agriculture). Any assessments of farm pro-
ductivity should include the many valuable outputs and
outcomes, including agricultural products as well as
provisioning, supporting and cultural ecosystem ser-
vices (Amissah and Aflakpui 2020), and consider eco-
nomic, ecological and social outcome dimensions.

All the possible trade-offs regarding agroecology
interventions should be considered, at the farm and
at the landscape level. The wider implications of agro-
ecological interventions for nature can, for example,
be positive at the farm level (land sharing with low-
yielding, wildlife-friendly agriculture) but have negative
impacts on a landscape level. Land-sparing strategies
such as high-yielding agriculture, on the other hand,
may increase the area of natural and semi-natural areas
and improve environmental outcomes (Finch et al.
2021). Land sparing and sharing may both be needed
to balance management needs for the multifunctional-
ity of agricultural landscapes (Grass et al. 2019), includ-
ing agroecology (Kremen 2015). Determining the best
option for overall ecological impact should not be
restricted to the small scale (Lin and Fuller 2013), but
instead be considered at the landscape level.
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3. Incorporating uncertainty

Agricultural research can provide evidence to help
understand the impacts of agroecology practices, but it
is not always clear how evidence should be used to sup-
port decisions. The current frameworks that attempt
to convey information about agroecology from science
to decision-makers have had limited success (Dalgaard
et al. 2003). However, complex agriculture and agri-food
systems are characterized by emergent properties and
uncertainty that requires a broad perspective, beyond the
analysis of particular interactions and factors (Foran et al.
2014; Leeuwis et al. 2021). One of the major issues is that
agroecological research is generally at small spatial scales
whereas related decisions around implementation are
at larger national and geopolitical scales (Dalgaard et al.
2003; Tittonell et al. 2020; Barrios et al. 2020). There are
cases where the application of agroecology practices can
have a positive effect, but the mechanisms by which this
impact can be achieved are difficult to assess beforehand.
This is largely due to uncertainty about the outcomes
that agroecology can generate (similar to organic agricul-
ture; Seufert and Ramankutty 2017). The potential risks
of agroecology interventions could be related to a vari-
ety of processes, from management challenges to market
access. In the case that an intervention leads to reduced
yields, for example, it can cause cascading impacts on
society and on land use.

Decision analysis techniques include stochastic mode-
ling approaches that can be useful in socially and ecologi-
cally complex environments like agroecology. They have
strong potential to improve development decisions (Hub-
bard 2014; Howard and Abbas 2015). Stochastic models
offer an intuitive way of communicating decision prob-
lems in terms of probability, which can be easily under-
stood by non-scientists (Ghazoul and McAllister 2003).
They work by condensing the decision problem into an
impact pathway and performing a cost—benefit analysis
of the difference between the baseline (“do nothing”) and
any interventions. This assessment can be customized for
interventions at the farm, landscape or regional level.

There is strong potential for improving the communi-
cation of uncertainty in the outputs of decision models
at the landscape level. Landscape level decisions can, for
example, be informed through a mix of expert knowl-
edge and remote sensing data to map current land use
and the potential effects of farm practices changes. They
have been applied for land use management forecast-
ing for flood-based farming systems (Liman Harou et al.
2020) and in finding suitable areas for aquifer storage
and recharge (Owusu et al. 2017). Spatial decision analy-
sis has been applied to generate future agricultural land
use maps in Denmark (Vogdrup-Schmidt et al. 2019), to
assess regional differences in subsidy effects on women’s
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diets in Mali (Assima et al. 2022), for generating suitabil-
ity maps for medicinal species in New Zealand (Moore
et al. 2016) and for managing agroecological viticulture
in France (Aouadi et al. 2021). Communicating expected
decision outcomes in a geographical format could have
powerful implications for addressing the issue of lack of
scientific support for scaling-up agroecology.

4. Choosing effective pathways

Holistic decision modeling approaches can make use
of existing knowledge and project outcomes to help in
choosing between decision options in agricultural devel-
opment (Luedeling and Shepherd 2016). Some promis-
ing developments in decision analysis for agricultural
development include efforts to merge decision analysis
and evidence synthesis methods, e.g. for selecting suit-
able agricultural management practices based on con-
sideration of their ability to provide ecosystem services
(Shackelford et al. 2019). Decision modeling with cost-
effectiveness frameworks uses similar evidence-base
assessments and makes use of rigorous quantitative
methods for comparisons between public health inter-
ventions (Dias et al. 2013), proving useful in identifying
interventions that are both effective and cost-efficient
(Welton 2012). Similar approaches could be applied for
assessing agroecology interventions.

Decision analysis methods can help in the assessment
of short- and long-term impacts of agroecology, as they
have been applied for assessing agricultural sustainabil-
ity (Talukder et al. 2017). In this regard decision analyti-
cal approaches in agriculture have a lot to learn from
the diverse applications of decision analysis in nature
conservation (Esmail and Geneletti 2018). These include
many types of participatory approaches that aim at elicit-
ing the values, preferences and knowledge of stakehold-
ers (Esmail and Geneletti 2018; Hemming et al. 2022).
They also often include a spatial component, for example
in generating protection zones to reduce collision risks
with manatees (Udell et al. 2019). Given the many over-
laps between agroecology and conservation, there may
be other useful synergies, such as formulations of key
decision-support frameworks and tools for assessing the
application of decision analysis (Hemming et al. 2022).

5. Scaling and supporting

Decision analysis can be used for scaling and support-
ing agroecology interventions (Shepherd et al. 2021;
Luu et al. 2022). It has been applied at national scales
to support agro-climate services for agricultural plan-
ning and management (Luu et al. 2022) and to model
nutrition-related outcomes of agricultural development
plans (Whitney et al. 2017). It has also been applied for
performance evaluation of land restoration initiatives
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(Shepherd et al. 2021) and for prioritizing farm manage-
ment interventions to meet international certification
standards (Netter et al. 2022; Fernandez et al. 2022).

Decision analysis can also be used to adaptively man-
age the scaling of agroecology by incorporating new
information as it arises (e.g., from monitoring outcomes
and collecting new data) with implementation research.
Implementation research is a collection of scientific
inter- and transdisciplinary approaches for assessing the
process by which research outputs can be put into prac-
tice (Denich and Whitney 2021). Combining decision
analysis and implementation research could help iden-
tify barriers to the implementation of research-based
agroecology innovations and support the development
of solutions. Such approaches could also be applied for
monitoring agroecology impacts as interventions are
rolled out. When new information is acquired, uncer-
tainty about either the conditions for the changes or
about their outcomes can be reduced. This can improve
the process of understanding the implications of agroe-
cology and help with the uptake and scaling of any mean-
ingful interventions.

Conclusions

Decision sciences can provide practical decision support
in the face of system complexity, uncertainty, risks and
unclear benefits of agroecology interventions. Decision
analysis approaches can allow scientists and managers
to explicitly address decision-making and systematically
compare the outcomes, utilities, and uncertainty associ-
ated with decision options. This approach can aid deci-
sion-makers in evaluating the potential effects of various
management or policy actions related to agroecology. The
approach provides transparent and useful information
about the types of trade-offs and the level of risk associ-
ated with any resulting decisions. Results from the mod-
eling procedures can help support decisions according to
intended outcomes, with risks and uncertainty explicitly
included, and help decision-makers identify where agro-
ecology interventions make sense for achieving desired
outcomes. Given the extent of human impacts on agroe-
cosystems and the uncertainty that decision-makers face
when choosing among alternatives, this approach shows
promise for decision-making in complex agroecological
systems. Relevant international and national government
processes and funding mechanisms, as well as the private
sector, should make use of decision analytical methods
for determining if and when agroecology interventions
are appropriate, and for supporting and scaling them
when they are.
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